Connexin 43 is the major gap junction protein in the adult heart.' Evidence for spatial and temporal restriction of expression during vertebrate development suggests it plays an important role in various aspects of development.2 The hypothesis that mutations in the connexin43 gene which altered sites critical to the regulation of connexin43 expression would lead to functional or developmental abnormalities led Britz-Cunningham et al to search for mutations in patients with congenital heart malformations.3 They studied 30 patients with a variety of congenital heart defects and found mutations in seven. Six of these patients had complex heart defects and visceroatrial heterotaxy (VAH), while the seventh had an atrial septal defect. No mutations were found in the other 23 patients without defects of laterality, nor in 25 normal subjects. All six children with VAH had single base substitutions of one or more phosphorylatable serine or threonine residues. Four had two independent mutations suggesting a recessive disorder. All mutations were in the last 200 base pairs of the coding sequence. Britz-Cunningham's findings suggest that mutations in the regulatory domain of connexin43 will be a common finding in patients with VAH.
In this study we set out to document the frequency of these mutations in a large series of children with complex heart malformations and evidence of laterality disturbance.
Methods

SUBJECTS
Forty eight patients with VAH and complex heart defects were studied. Patients were identified through regional paediatric cardiology centres and clinical information was obtained from the referring cardiologist, based on the combination of echocardiography, angiography, and findings at surgery.
Of the 48 patients three had an affected sibling. The rest were isolated cases. In the familial cases only the proband was tested. Fourteen patients were Pakistani, one was Gujarati Indian, and the remaining 33 were white European. The most frequent heart lesions seen were complete atrioventricular septal defect (63%), common atrium (38%), and pulmonary atresia or stenosis (58%). Forty one patients had isomerism of the atrial appendages or bronchi or both: 14 had right isomerism and of these 10 were asplenic; 27 had left isomerism, with nine known to have polysplenia. Seven patients had VAH without atrial isomerism. Of these, two had siblings with isomerism sequence.
DNA EXTRACTION
Genomic DNA was extracted from whole blood or EBV transformed lymphoblastoid cell lines by the nucleon method (Scotlab).
PCR AMPLIFICATION OF CARBOXY-TERMINAL DOMAIN OF CONNEXIN43
Samples were subjected to two rounds of polymerase chain reaction (PCR; conditions available on request). The position and sequence of the primers used is shown in the figure. An intronic primer (primer 1) was necessary to avoid simultaneous amplification of a processed pseudogene.1 The first round used primers 1 and 2. Nested PCR amplification was performed with primers 3 and 2, using 2 4ul of the first round PCR product. Primer 2 was 5' biotinylated to facilitate sequencing.
SEQUENCING
Sequencing was carried out using the chain termination method (Sequenase version 2-0 kit, United States Biochemicals) with primer 4. Reactions were carried out using biotinylated DNA attached to streptavidin beads (Dynal) in order to facilitate separation of the DNA strands after the sequencing reaction (details available on request). The labelling reaction using 35S ATP and termination reactions were carried out according to the manufacturer's instructions. The reactions were run on 6% acrylamide gels at 50-55°C. In patients The major difference between our study Pr the design and that of Britz-Cunningham et al was the tisCollege, sue from which DNA was extracted. We studied DNA from white blood cells, while Britz-Cunningham used heart muscle. This he sequence raises the intriguing possibility of somatic sequenced. mutation. This would have to have occurred vas repeated before heart looping, that is, between concepnd primer 2 tion and the fourth gestational week. Against this hypothesis is the finding of two independent mutations in opposite alleles in four of the six subjects they studied, and the fact that one case had an affected sibling. 
